INTRODUCTION
Hemophagocytic lymphohistiocytosis (HLH) is an aggressive and fatal disease, characterized by dysregulation of natural killer T lymphocyte function, as well as activation and proliferation of histiocytes with uncontrolled haemophagocytosis and cytokine production. 1 HLH was first described 70 years ago.
presentation, associated conditions, laboratory findings, and clinical outcome were collected from the medical records. Bone marrow aspiration and biopsy slides were evaluated in detail. Bone marrow aspiration smears were stained with Giemsa Leishman cocktail stain. Bone marrow biopsy cores were fixed in Bouin's fluid, and the sections were stained with hematoxylin and eosin stain. A thorough search for hemophagocytic cells (HPC) was done examining the entire marrow aspirate smear and biopsy sections.
RESULTS
A total of 11 infection associated HLH cases were there, of which 7 patients were males and 4 were females. There were 2 children and 9 adults. Presenting symptoms included fever (100%), bleeding (45%), abdominal pain and vomiting (36%), cough (36%), loose stools (27%), headache (18%) and seizure (11%). The average duration of fever was 14 days. Clinical and laboratory parameters are summarized in table 2.
Underlying infection was proven in all cases but one. The most common infection was dengue, in 8 patients, followed by influenza B and Adenovirus in one patient each. The infections were confirmed by positive serology tests. The underlying causative agent was not identified in one patient but features of severe sepsis were evident from the clinical and laboratory parameters. All the patients had a very high ferritin level with a minimum value of 39000 ng/ml.
Bone marrow material was available for study in 10 out of 11 cases. Histiocytes which have engulfed intact erythrocytes, erythroid precursors, lymphocytes, neutrophils, granulocyte precursors or plasma cells were considered as hemophagocytic cells (HPC) . Hemophagocytic cells were demonstrated in all the 10 bone marrow aspirates ( Figure 1a ) and an average of 12 HPCs were noted in the smears. Marrow was hyper-cellular in 8 cases. Dyserythropoietic features like megaloblastoid change, binucleation, nuclear budding, etc., were evident in 5 cases of HLH, all of which were associated with dengue fever (Figure 1b) . Unlike as in bone marrow aspirate, identifying HPCs in bone marrow biopsy was found to be difficult.
Even though not mentioned in the criteria, we looked into parameters like liver enzymes, serum lactate dehydrogenase (LDH) and activated partial thromboplastin time (APTT).
We found a rise in liver enzymes, serum LDH and prolongation of APTT in 90% of the patients.
Immunosuppression by means of intravenous steroids was given in 5 patients, and 1 patient was given intravenous immunoglobulin (IVIG). Others received supportive care. Eight out of 11 patients succumbed to the disease. The causes of death were shock in 4 patients, cardiac arrest in 2 patients, and acute respiratory distress syndrome in 2 patients. Those who survived were followed up with tapering doses of steroid and their clinical condition improved.
DISCUSSION
HLH is a potentially fatal hyperinflammatory condition characterized by uncontrolled but ineffective immune function. Infection associated HLH is an important entity especially in tropics where infectious diseases are rampant and still pose a major threat. Epstein-Barr virus infection is one of the most common triggers for HLH. 3, 7 Other viral infections associated with HLH include hepatitis, adenovirus infection, measles, mumps, dengue, influenza etc. [8] [9] [10] [11] [12] [13] [14] All though HLH is triggered mostly by Herpes family of viruses, in our study it was mainly associated with dengue fever followed by adenovirus and influenza B virus infection. Only around 30 cases of adult dengue-associated HLH cases have been described in the literature so far. 12 Even though HLH is more common among children, it can affect any age group, constituting a medical emergency, and there is no sex predilection. For adult HLH, no specific diagnostic criteria are established and so, the HLH-2004 pediatric diagnostic criteria are used for adults also. Even though the exact pathogenesis is not known, it is thought that HLH is due to an impairment in the function of cytotoxic T lymphocytes and NK cells. 15 earlier it was thought that HLH is seen in immune-compromised patients, but later it became evident that it can affect immune competent patients as well. The 9 /L] High blood levels of triglycerides (Fasting, ≥ 265 mg/100 ml) AND/OR Decreased amounts of fibrinogen in the blood (≤ 150 mg/100 ml) Ferritin≥500 ng/ml Hemophagocytosis in the bone marrow, lymph node, or spleen Low or absent natural killer cell activity Soluble CD25 (soluble Interleukin-2 receptor) >2400 U/ml (or per local reference laboratory)
*No evidence of malignancy should be present.
true incidence of HLH is not known as it mostly remains underdiagnosed and as it is associated with a wide spectrum of clinical features. In one retrospective study in Sweden, the incidence was reported as 1.2/1,000,000 children per year. 16 Yet another retrospective study from Texas states that the prevalence of HLH in their part of the world is at least 1 in 100,000 persons below 18 years. 17 Hyperferritinemia is considered as both diagnostic and prognostic marker in HLH. 18 Ferritin level estimation is a rapid and very useful test done in almost all the centers. Serum ferritin level > 10,000 microgram/dl was considered to have a sensitivity of >90% and a specificity of >96% in cases of HLH. 15, 19 All our patients had a serum ferritin level of >35000 mcg/dl. In an analysis by Anthony et al, it was found that, among the HLH defining criteria, serum ferritin >2600 mcg/dl and platelet value <100x10 9 /L were independently associated with HLH diagnosis in adults.
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But Schram et al suggested that marked elevation in serum ferritin level does not suggest HLH in adult population unlike in the pediatric population. 21 There has been no consensus of opinion regarding the number of HPCs in the marrow smears. But it has been suggested that careful search for HPCs should be done in at least three smears with each revealing at least two HPCs. Dyserythropoiesis of cells is a reactive finding in bone marrow described in dengue fever. 22 Caleb et al in their study indicated that marrow pathology alone is not predictive of the probability of HLH. 23 They evaluated bone marrow aspirate of 58 cases and found that there was no significant difference in the number of HPCs between HLH high-risk group and HLH low-risk group. But, demonstration of lymphohistiocytic hemophagocytosis in bone marrow helps in an early diagnosis along with other laboratory parameters, even though it is not essential for the diagnosis. 24 Even though an elevated level of CD25, Interferon gamma, and interleukin-10 have high sensitivity and specificity in differentiating HLH from other infections, the estimation is done only specialized laboratories and is not practical in the resource-poor settings. We have not performed these tests in our patients as they were not available in our institution. Nearly half of our cases had hemorrhagic manifestations. We found a prolonged APTT value in 10/11 patients. Biochemical evidence of liver injury was present in all the patients.
High mortality associated with HLH is described in many publications. In a retrospective analysis of 103 HLH cases, 77 patients (74.8%) succumbed to illness. 25 Majority of the patients in their study were having malignancy associated HLH. Among those who died, nearly half likely died related to malignancy rather than HLH. In their study, the mortality in case of viral infection associated HLH was 50%. In our study also we experienced high death rate. 8 out of 11 patients did not survive even with medical intervention.
CONCLUSION
HLH is a medical emergency which can behave in an aggressive manner with high mortality in a very short period. Low incidence actually reflects the underdiagnosis of the condition. Even though it is difficult in every center to test the newly included parameters for diagnosis, like NK cell activity and CD25 level, etc., clinical features and laboratory parameters like cytopenia, hyperferritinemia, etc should make the clinician have a high index of suspicion of HLH. Our study underscores the need for physicians to be vigilant about the high mortality nature of this condition. This article is an attempt to stress the importance of timely diagnosis of HLH. A large prospective study is mandatory to put forward definite diagnostic criteria for adult HLH.
